The quality of irrigation water from different sources used by urban farmers in the Accra Metropolis was investigated. These were, tap water stored in dugout, surface water (from stream) and wastewater in drains. The samples were analysed for their bacteriological, physical and chemical qualities using standard methods. Analytical Profile Index (API) identification system was used to characterize and identify the bacterial species isolated in the samples. The results showed that heavy metal concentrations in the samples were within the FAO/WHO recommended limits for irrigation. The concentrations of highly toxic Lead and Cadmium were even below detection limit. Total and faecal coliform bacteria loads in all three potential irrigation water sources were above the WHO recommended limit for irrigation. Different bacteria species belonging to seven genera were identified in the three irrigation water sources. These included Citrobacter, Chryseomonas, Enterobacter, Klebseila, Proteus, Providencia, Pseudomonas. Generally, the most dominant bacterial species were Pseudomonas aeruginosa and Chryseomonas luteola. Some of these bacteria spp. can pose a health threat to farmers especially those who have challenges with their health and immune system. For example, infection with some of the bacteria species such as Pseudomonas aeruginosa in patients with cystic fibrosis is known to be deadly over periods of time.
Introduction
Water is a major input for food production. Its scarcity has often resulted in the use of water of doubtful quality for the production of vegetables in the Accra metropolis. The common sources include potable water from the taps, water from hand-dug wells or streams and even waste water from gutters or open drains. Some of these waters have been reported to be of poor quality and yet used for irrigating vegetables consumed by urban dwellers are polluted [1] . The microbiological contaminants in irrigation water from these sources, in most cases significantly exceed the WHO guideline limit [2] . This is in addition to the presence of heavy metal contamination in the irrigation water which can pose various health risks. Thus, despite the fact that the use of wastewater for irrigation supports livelihoods by generating considerable income for those involved in urban and peri-urban agriculture, it may be, associated with health and environmental risks [3] . Studies have shown that wastewater contains pathogens [4, 5] , which are transmitted to humans through direct human contact with either the wastewater or contaminated farm produce. Contamination usually occurs before, during or after irrigation. In addition, the inhalation of aerosols from wastewater can affect farmers and surrounding communities. The rapid rate of urbanization and the consequential rise in surface water pollution by wastewater discharge, combined with the scarcity of freshwater for irrigation in most cities, especially in arid areas, has led to a renewed interest in wastewater irrigation since the 1950's [6] . It is projected that 18% of crops are irrigated worldwide with wastewater and this produces 40% of all food [7] . At least 20 million hectares in 50 countries are irrigated with raw or treated wastewater [8] . [9] estimated that one-tenth or more of the world's population consumes foods that are produced using wastewater. According to [10] , urban and peri-urban farmers from different castes and class groups in developing countries in Asia and Africa use wastewater for various activities such as horticulture, fodder production for dairy, agroforestry, orchard keeping, floriculture, aquaculture and cereal production. Increase in yield of crops of about 35% has been recorded in Nagpur, India, when raw wastewater was used as compared to freshwater and chemical fertilizer application [11] .
In Ghana, it is reported that most urban centres have no means of treating wastewater and only 4.5% of households in Ghana are connected to sewer networks [12] . This leaves most untreated wastewater, mainly from domestic sources, ending up in urban drains and water bodies downstream of the cities [13] . It is estimated that about 85% of this wastewater generated from urban centers end up in the environment in its untreated form, some of which is commonly used in urban irrigated vegetable farming [13] . This water forms a reliable source of irrigation water for these urban vegetable farmers, allowing them to grow perishable vegetables throughout the year.
This study seeks to determine the microbiological, physical and chemical quality of irrigation water used in the Accra Metropolis and to identify which bacteria are present in them. A better understanding of the types and microbial load in the various water sources used for vegetable irrigation in the Accra metropolis will help government and stakeholders to put in place control measures and or satisfactory measures to decentralize water treatment and disinfection systems in the metropolis for the reduction of pathogen contamination levels in wastewater before discharge into the environment.
Methodology

Study Area
The study was carried out in Accra, the capital city of Ghana which lies within the coastal-savanna zone. Accra has a population of about 3.9 million [14] . It covers an area of about 230 to 240 km 2 [13] . The rainfall pattern of Accra is bimodal, with the major season falling between the months of March and June, and a minor rainy season around October. The mean annual rainfall is about 730 mm. The mean temperatures vary from 24˚C in August to 27˚C in March and also has a least average monthly humidity of 60% and the highest not exceeding 75% [13, 15] The vegetation of Accra consists of dense shrubs without grass in the west and grass with isolated patches of shrub and occasional trees in the east. Baobab and neem trees are also quite common in Accra [15] .
Sampling Techniques
Description of Sampling Sites
Two main vegetable growing sites were selected in the suburbs of Accra metropolis for the study. These were Dzorwulu and Korle-Bu (Figure 1). 
Dzorwulu Farming Site
Dzorwulu is one of the major vegetable growing suburbs in the Accra metropolis. The farming site has a total land area of about 12 ha [16] . The sources of water for irrigation are tap water which in most cases are filled and stored in unprotected dugouts using water hose, these dugouts are small ponds about 6 m in diameter and 1.5 m deep where farmers store irrigation water before use. The other source is water from the stream (Onyasia stream) which is a tributary of the Odaw River. This stream is polluted with wastewater generated from neighboring settlements.
Korle-Bu Farming Site
Korle-Bu is another major vegetable growing suburb in Accra with a total farming land of about 10 ha [13] . The main source of irrigation water is drain water from houses of hospital staff and surrounding communities, channeled into dugouts.
Sampling of Water Sources
Samples of irrigation water from the different sources (stream, tap water and drain), were collected once every month for a period of seven months (September 2007 to March 2008).
Four replicate samples from each of the water sources were taken at a depth of 10 cm below the water surface into sterilized 200 ml glass bottles and sampling bottles for bacteriological and physico chemical analysis respectively. Each bottle was plunged into the water with its neck facing downwards, and the water transported in insulated box containing ice packs to the laboratory for analysis. Sampling at each site was carried out between 8:00 and 10:00 am in the morning in line with farmers irrigation schedules [17] .
Determination of Physical and Chemical Parameters
Determination of pH and conductivity was done using the Suitex model pH meter. Available phosphate, nitrate and Sulphate concentrations were determined using standard methods as described in [18, 19] . Atomic absorption spectrophotometry (AAS) was used for the determination of heavy metals (Iron, Manganese, Copper, Zinc, Lead and Cadmium) levels in water samples.
Microbiological Parameters
Quantification of Total and Faecal Coliform
The Multiple Tube Fermentation also referred to as Most Probable Number (MPN) method was used to determine the number of total and faecal coliform bacteria populations in the samples [17] . Aliquot of 1 ml of sample was pipetted into 9 ml of sterile distilled water. The serial ilution prepared for the analysis ranged from 10 -1 to 10 -9 . d From each dilution, 1ml was taken and carefully added in order into triplicate tubes containing 5 ml sterile MacConkey broth with inverted Durham tubes. The tubes were later incubated at 37˚C for 24 to 48 hrs for determination of total coliform and at 44.5˚C for the determination of faecal coliform. The number and distribution of positive tubes (acid and/or gas production) from incubated samples were used to obtain the population of coliform bacteria from MPN Table [17] .
Aliquot of 1 ml of each sample was inoculated into a tube containing 5 ml of Selenite broth. Selenite broth is enrichment medium for easy identification of Salmonella species in samples. This was then incubated at a temperature of 37˚C for 24 to 48 hrs for the identification and isolation of Salmonella spp.
Isolation of Pure Cultures of Bacteria and Their Identification
For each sample, one positive MacConkey tube and Selenite broth from all the samples were randomly selected after MPN value had been determined. A loopful of the bacterial culture from the randomly selected positive tubes was then inoculated onto a slant prepared from nutrient agar and was later incubated at 35˚C -37˚C for 24 to 48 hrs, for further biochemical tests. Bacteria from the slant were later suspended into nutrient broth and incubated at 35˚C -37˚C for 18 -24 h.
Sterile inoculation loop was then used to transfer a loopful of the bacterial culture onto selective media plates made up of MacConkey agar (BIOTEC) (for other Gram-negative bacteria identification), Salmonella Shigella (SS) agar (BIOTEC) (for Salmonella spp. identification) and Thiosulfate Citrate Bile Salt Sucrose (TCBS) agar (BIOTEC) (for Vibro cholera spp. identification) and incubated at 35˚C -37˚C for the isolation of specific bacteria present [16] .
Determination of Isolates Characteristics
The technique used for the determination of the isolates followed those outlined in Bergey's manual of systematic bacteriology [20] . In colony morphological characterization, the size, elevations, forms and margins of bacterial colonies and their pigmentation and whether lactose fermentors or non-lactose fermentors on the media were observed. Bacterial colonies differing in their morphological characteristics were randomly selected and purified at least three times. The colonies were purified by picking a bacterial colony which appeared to be composed of one cell type using an inoculating loop. This was then streaked onto the selective agar plates and incubated at 37˚C for 18 -24 hrs. After incubation, re-streaking of isolated colony was carried out. This was repeated twice in order to obtain identical colonies. The purity of the bacterial colonies was then confirmed by Gram staining. The Gram positive bacteria were dark purple in colour while Gram negative bacteria showed pink colour.
Biochemical Characterization of Isolated
Colonies Pure colonies were randomly selected from all the water samples for identification using the Analytical Profile Index (API) 20E system (BioMerieux sa 69280 Marcyl'Etiole/France or bioMerieux, Inc., Hazelwood, MO).
Procedures
Preparation of the Strip
An API incubation box (tray and lid) was prepared and 5 ml of sterile distilled water was distributed into the honeycombed wells of the tray. This was to create a humid atmosphere. The API strip was then placed in it.
Preparation of Inoculum
Fresh isolates (18 -24 hours old) were used for the inoculation. An inoculation pin was used to remove a single well isolated colony from the isolation plate and was carefully emulsified to obtain a homogenous bacterial suspension in a tube containing 5 ml of sterile distilled water.
Inoculation of the Strip
API uses miniature microtube reaction chambers. Each microtube consists of a tube and cupule section. Both the tube and the cupule of the test citrate (CIT), Voges Proskauer (VP) and gelatinase (GEL) were filled with the bacterial suspension with the aid of a pipette. The rest of the test was filled only to the tube level (and not the cupule) with the bacterial suspension. Anaerobic conditions were created in the tests arginine dihydrolase (ADH), lysine decarboxylase (LDC), ornithine decarboxylase (ODC), hydrogen sulphide production (H 2 S) and urease (URE) by adding mineral oil to the cupule level of the microtube. The incubation box was then closed with the lid and incubated at 35˚C -37˚C for 18 -24 hrs.
Reading of Strip
After 18 -24 hrs of incubation, the strips were examined by comparing to the reference table, and all spontaneous reactions (+/−) were recorded on the result sheet.
Additional reagents were added to some tests such as: Tryptophane deaminase (TDA) of which a drop of TDA reagent was added to the bacterial suspension in both the tube and the cupule. A dark brown colour indicated a positive reaction which was recorded. One drop of James reagent (BioMerieux sa, 1998) was added to the Indole (IND) test for Indole production. Development of a pink colour in the whole cupule indicated a positive reaction VP test: a drop each of VP1 and VP2 reagent was added to the tube and was left for 10 mins for reaction to take place. A pink or red colour indicated a positive reaction.
Interpretation and Identification
The patterns of the reactions were coded into a numerical profile using the Analytical Profile Index (BioMerieux sa, 1998). On the result sheet, the tests were separated into groups of 3 and a value 1, 2 or 4 as designed by the manufacturer was indicated for each. By adding the values corresponding to positive reactions within each group, a seven digit profile number was obtained for the 20 tests of the API 20 E strip [21] .
Data Analysis
SPSS for windows version 15 (SPSS Inc., Chicargo, IL, USA) was used to statistically analyse the data. Faecal and total coliform bacteria populations obtained from MPN were normalized by log transformation before analysis of variance (ANOVA) was performed. Significant differences were analysed by the multiple comparisons procedure of Least Significance Difference (LSD) using a level of significance at p < 0.05.
Results
The Electrical Conductivity (EC) values ranges from 236 -265 µS/cm, 1267 -1354 µS/cm and 1296 -1893 µS/cm in the Tap, Stream and Drain water respectively ( Table 1) . The multiple comparison (LSD) showed significant difference (p < 0.05) in the mean values of the (EC) between the various water sources. However, the mean values of pH and (EC) in the irrigation water sources were within the FAO [22] recommended levels for water used for irrigating agricultural crops of 6.5 -8.4 for pH and ≤3000 µS/cm for EC ( Table 1) .
Nutrients
The results showed a significant difference in the phosphorus and sulphate concentrations between tapwater and (Figures 2-5) were lower than the FAO recommended maximum concentration for crop production as cited by [23] . A general trend of tapwater < Stream < Drain was observed in the Fe, Mn, and Zn concentrations in the irrigation water. The mean heavy metals concentrations in the different sources of irrigation water (Figures 2-5) were in the trend of Fe > Mn > Zn > Cu. The corresponding values were 1.16, 0.44, 0.33 and 0.211 mg/l respectively. In the study, concentrations of Lead and Cadmium (<0.06 and <0.025 respectively) were found to be below detection levels.
Coliform Bacteria
The total and faecal coliform bacterial counts varied considerably amongst the various irrigation water sources examined. Table 3 shows the ranges of these coliform levels.
The results from this study showed varied total and faecal coliform levels in all the three irrigation water sources. On average, the total and faecal coliform counts were lowest in the tap water and highest in the drain irrigation water (Figure 6 ). Multiple comparison (LSD) showed significant difference (p < 0.05) in both total and faecal coliform levels between tap water and stream, as well as tap water and drain. Both total and faecal coliform bacteria levels of irrigation water sources showed significant differences (p < 0.05), with the coliform levels for all irrigation water sources being above the WHO recommended limit of ≤1 × 10 3 ml -2 . However there was no significant difference in the means levels of total and faecal coliform (p > 0.05) between the stream and drain water sources. A total of 30 Gram-negative rod bacteria isolates were characterized from the water samples, 10 from each irrigation water source. Thirteen out of the total bacteria isolates resulted in unknown organism. Table 4 shows the distribution of the seventeen bacterial isolates identified in the different water sources. Of all the 17 bacteria species identified, tap water recorded six, stream and drain water five and six, respectively. Chryseomonas luteola was the only one that occurred in all three sources of water. The three species unique to tap water were, Enterobacter cloacae, Pseudomonas putida and Pseudomonas pseudomellei, while only one, Proteus mirabilis, and three, Enterobacter aerogenes, Providencia rettegeri and Chromobacterium violaceum were found in the stream and drain water, respectively. the tapwater could be attributed to high level of dissolved salts in these water sources since effluents from domestic sources (water from household kitchens and bathrooms) are channeled into these water sources. The EC for water used for irrigating agricultural crops is usually expected to be less than 3000 µS/cm [22] . Since for all the three water sources, the ECs were below this value, with the highest being 1893 µS/cm for the drain water, then in terms of salinity, all the three water sources were suitable for irrigation.
Discussion
According to [23] , the normal range of pH for irrigation water is from 6.5 to 8.4. It therefore suggest that in terms of pH, water from all the three sources were suitable for plant growth and for that matter, for vegetable production. Drain water had the highest pH. A similar drain water pH ranges were observed in a study by [13] . The relatively higher mean of Electrical conductivity (EC) level (>700 µS/cm) in the stream and drain water sources than that of The high phosphate, nitrate and sulphate values recorded in the three irrigation water could be attributed to the runoff from the application of fertilizer on the field.
But for the concentration of manganese which was above the FAO recommended maximum concentrations, all the three sources of water would have been satisfactory for irrigation of crops as far as heavy metal contamination is concerned. Even then, according to [24] , no health risk has been associated with food containing high manganese concentrations. However, high concentrations of manganese have been reported by [23] to be toxic to some crops. High concentrations of heavy metals, particularly lead and cadmium in food pose serious health problems, including fatal kidney and kidney diseases [25] . The non detectable concentrations of lead and cadmium indicates their low and non-toxic levels in the water sources. This is in agreement with [26] who reported that heavy metals concentrations in general are very low in Ghanaian waters, in our case, due probably to the absence of industries in the study areas. In general therefore, the health risks associated with heavy metals in the irrigation water sources appear to be non-existent
The total and faecal coliform counts in all the water sources used were above the WHO [27] recommended standard (1 × 10 3 ml -2
) for unrestricted irrigation of crops, especially those consumed uncooked. The tap water in this case was channeled and stored in dugouts prior to its usage for irrigation. The storage procedure could contribute to contamination of the water in the dugout. However, a studies conducted by [28] at the same site showed that coliform levels found in tap water collected directly from the water hose used by the farmers for irrigation without storage in dugout was zero 0 cfu/100ml. The presence of total and faecal coliform counts recorded in the water from the dugout therefore may probably be due to runoff from farmlands containing poultry manure, fertilizers used for the vegetable cultivation and contaminated soils into the dugouts during irrigation. The use of poultry manure and fertilizers are very common at the study site. Besides, the dugouts are not protected and are therefore prone to runoff from surrounding vegetable beds. Bacterial contamination could also be introduced into these dugouts from the feet of farmers who enter barefooted with contaminants such as poultry manure from the field which are stuck under their foot in the act of fetching water for irrigation. [29] reported that faecal coliform levels in poultry manure samples collected from the same site recorded between 1 × 10 4 to 1 × 10 7 , this is an indication that the presence of poultry manure could contribute to the contamination of the irrigation water. Besides, an earlier studies carried out in Kumasi, showed that fresh poultry manure litter sample used for vegetable production recorded faecal coliform counts between the ranges of 3.6 × 10 4 and 1.1 × 10 7 [30] . The high total and faecal coliform levels in stream and drain water sources could be attributed to the discharge of untreated domestic effluents from surrounding houses. The high levels of total and faecal coliform bacteria in our streams has been attributed by [28] to the fact that streams and rivers in most Ghanaian cities are more or less drains and receive untreated wastewater from surrounding communities and from effluents from solid waste dumped near these water bodies. Coliform bacteria contamination levels in different sources of irrigation water obtained from this study agree with the earlier report that low quality water is being used for urban vegetable production in most Ghanaian cities [21, 26, 31] .
The dominant bacterial flora in the irrigation water were Pseudomonas aeruginosa and Chryseomonas luteola ( Table 4) . Although Chryseomonas luteola which was isolated from all three sources of water belongs to the coliform group, it is more of a normal flora of soil, water and damp environments in tropical to subtropical areas than a human pathogen [32] . It can cause a rare disease called chromobacteriosis in humans. According to [33] , most reported cases showed symptoms associated with septicemia, meningitis, endocarditis, or peritonitis.
Pseudomonas aeruginosa which is a nosocomial pathogen is a free living Gram-negative bacterium, commonly found in soils, water and surfaces of plants [33, 34] , for which reason its presence in the water sources was not surprising. P. aeroginosa tolerates to wide variety of physical conditions, including temperature; it is an opportunistic bacterium with high resistance to many commonly used antibiotics and can cause several diseases including urinary tract infections, respiratory system infections, dermatitis, soft tissue infections, bacteremia, bone and joint infections, gastrointestinal infections and a variety of systemic infections, particularly in patients with severe burns and in cancer and AIDS patients who are immunosuppressed [35] . However, this bacterium rarely poses problem for most healthy people.
The presence of Klebsiella pneumoniae was also not surprising, since it has been recorded in the stream and drain water sources. The bacterial spp. is known to cause high fever, chills, flu-like symptoms and pneumonia as well as gastrointestinal symptoms in humans [36].
Conclusion
Results from the study revealed no evidence of significant pollution of tap water, stream water or drain water with heavy metals that might pose serious threat to human health arising from consuming lettuce irrigated with these potential sources of irrigation water, the situation was different with the microbiological contents. All three types of irrigation water used in the production of vegetables in the Accra metropolis were of great health concern; they contained unacceptably high loads of potentially pathogenic bacteria, levels above those recommended by WHO. Our results are of great importance in vegetable cultivation, since these crops are usually consumed uncooked. Although it appears that most of the bacteria isolated arose more from the neighbouring environment rather than directly from human and animal sources, what is most important is that, they posed greatest danger to persons with health challenges. Farmers in particular, those with health challenges or compromised immune system therefore need to be cautious during irrigation to avoid infection. Furthermore products from the farm should be well washed before consumption.
